"THERE IS A GREAT DIFFERENCE between teaching and learning. There is too much teaching and not enough learning" (24, 67) . Teaching is not telling students what we know but showing students how we learn (69) . Learning is not committing a set of facts to memory, but the ability to use resources to find, evaluate, and apply information. However, the curriculum is packed with so much content that, to "cover the content," teachers resort to telling students what they know and students simply commit facts to memory. The packed curriculum leaves little time for students to acquire a deep understanding of the subject or to develop life-long skills such as critical thinking, problem solving, and communication. Therefore, we should unpack the curriculum and reduce the amount of factual information students are expected to memorize. In addition, we should help students become active, independent learners and problem solvers (67) .
One way to achieve this goal is to reduce our use of the passive lecture format. Before the development of the printing press, the only way to transmit information was by word of mouth. However, with printed materials and electronic resources, other means of information delivery are now available. In fact, with the explosive development of the Internet and other technologies, teaching resources have seen a revolution that rivals the invention of the printing press in 1460 (44) . Why, then, does lecturing remain the predominant form of teaching in postsecondary and health care professional education (18, 27, 45) ? It is true that lecturing facilitates the sharing of information with a large number of students and that lecturing may be effective in transmitting factual information (21, 35, 60) . However, lecturing merely exposes students to content, and exposure is not sufficient for learning. Active processing of information, not passive reception of information, leads to learning (3, 17, 69) . That is, students must construct their own understanding of concepts, relationships, and procedures. Teachers can encourage this process by carefully considering the type and organization of information as well as instructional strategies (28, 49) . However, lecturing should not be the instructional strategy of choice.
In addition, we must create a joy, an excitement, and a love for learning. We must inspire and engage students and show them how we learn rather than tell them what we know. When we are truly successful, our students will be impatient to study, reflect, contemplate, and really learn (24) . This article presents a review of the literature and evidence supporting the need for these suggestions as well as specific practical examples and resources for achieving these goals.
PASSING EXAMS WITHOUT UNDERSTANDING
How often has a colleague, from an upper-division course, inquired if you covered a specific topic in your class? Your colleague was concerned because the students in his/her class (a class after yours) acted as if they never heard of the topic? Or, how often have you just completed a series of lectures on a subject only to encounter students who were unable to discuss even the simplest concepts you covered? From these experiences, we were convinced that our students were memorizing the content and passing exams without understanding the material. Memorization occurs when the learner makes little or no effort to relate new information to existing knowledge or novel situations. Or, memorization is what we resort to when what we are learning makes no sense. For example, please read and study the following paragraph for 3 min (30) . After reading and studying the paragraph for 3 min, without referring to the paragraph, please answer the following questions:
Last Fernday, George and Tony were in Donlon peppering gloopy saples and cleaming, burly greps. Suddenly, a ditty strezzle boofed into George's grep. Most students receive enough points to "pass" this exam. However, because the paragraph was nonsense, there was no meaningful learning or learning with understanding. Thus our students may be passing exams without understanding the material.
WHAT CAN BE DONE TO INCREASE UNDERSTANDING?
We must 1) reduce the amount of factual information students are expected to memorize, 2) reduce our use of the passive lecture format, and 3) help students become active, independent learners and problem solvers (67) .
Reducing the amount of factual information students are expected to memorize. We must reduce the amount of factual information that students are expected to memorize because students do not remember, or, more importantly, understand much of what they memorize. For example, Miller (40) reported that students forget much of what they learn in anatomy and biochemistry courses before they graduate. In addition, after a short time, students who had high grades in a subject knew no more about that subject than students who had lower grades (40) . Similarly, Swanson and colleagues (65) documented very low retention of basic science information by fourth-year medical students. Furthermore, Richardson (53) reported that, compared with naïve students, experienced students who completed an elementary physiology course did not have a greater knowledge level of physiology or perform better in an upper-division physiology course. In short, a prior course in physiology did not enhance performance on a precourse test or on a postcourse test (53) . It is also well documented that science-based undergraduate education has no effect on academic performance by medical students (22) . Finally, we documented that retention of acquired knowledge is short lived (16) .
Thus, we don't remember or understand much of what we learn in the classroom, and even if we did it would not help us in our future careers because much of the knowledge that will be employed in the students' future careers is not known today and therefore must be learned after graduation (69) . Furthermore, only a small portion of what is known can be taught in four years, and not all that is taught is learned or remembered. Some of what is taught is erroneous, and other material will soon be obsolete. Therefore, students must be capable of working together and gathering evidence, evaluating it, and learning from it. However, much of what we do in classes with large numbers of students conflicts with our goals. These activities do not prepare students for solving novel problems because many of these activities encourage memorization of detailed information. As a result, retention of acquired knowledge is short lived, and grades do not correlate with problemsolving abilities (15, 16) .
For example, in many schools, students think classes involve an endless list of independent, unrelated facts: a series of unrelated phenomena where faculty encourage memorization of detailed information. For example, consider the seeming unrelated letters in the following row. It would be difficult to memorize this row of letters; however, even if we did, we would not remember the letters for long, and it would have no meaning. N 10 S 3 & 8 I 1 G 13 R 6 E 9 I 5 A 12 N 2 E 14 P 4 G 11 E 7
However, our responsibility is to take these seemingly independent, unrelated facts and place the facts into an appropriate context. All of us have content knowledge, we understand our subject; however, few of us have pedagogical knowledge, an understanding of how to place the material into a context that promotes meaningful learning (learning with understanding). Meaningful learning (14, 36) occurs when the learner interprets, relates, and incorporates new information with existing knowledge and applies the new information to solve novel problems. For example, please place the letter, using the corresponding number, into the space matching the number.
Having completed this task, what does this exercise emphasize? This exercise emphasizes the futility of memorizing seemingly independent facts and illustrates the importance of placing facts into the appropriate context. These seemingly unrelated letters have significant meaning, and the learner will remember the letters when we apply our pedagogical knowledge.
To reinforce this concept, please consider the following example. Please take 10 s to memorize the following row of letters: Did you recall more letters from the first row or second row of letters? Although the letters in the two rows are identical, all students recalled more letters from the second row. This exercise emphasizes the importance of relating what is unknown to what is known, placing the material into context, and using our pedagogical knowledge (32, 39) . This is critical because one of the most important factors influencing learning is what the student already knows. The student must consciously and explicitly link new information to concepts they Reducing our use of the passive lecture format. We must reduce our use of the passive lecture format because the passive lecture format is boring, mind numbing for students and monotonous for teachers. Students' attention in lecture classes wanes dramatically after 10 -15 min (48, 64) , and there is a weak correlation between lecture attendance and course grades (23) . These studies suggest that students do not learn by simply sitting in a classroom listening to the teacher, memorizing assignments, and spitting out answers. Students must talk about what they are learning, write about it, relate it to past experiences, and apply it to their daily lives (10) . Students who are actively involved in learning retain information longer than when they are passive recipients of instructions (16) . Furthermore, students prefer active learning strategies to the traditional lecture (4). Active involvement also improves students' conceptualization of systems and how they function and increases students' levels of retention (20, 41, 58) . Therefore, all teachers are encouraged to reduce or eliminate the passive lecture format! Helping students become active, independent learners and problem solvers. We must help students become active, independent learners and problem solvers because it is clear that active processing of information and not just passive reception of that information leads to learning. That is, we understand and remember the information we think about! Specifically, learning with understanding requires time. Faculty must be realistic about the amount of time required to learn complex concepts and provide the time to achieve the goal. Students need time to explore underlying concepts and to generate connections to other information. Students must have time to "grapple" with specific information relevant to the topic. Thus learning cannot be rushed; the complex cognitive activity of information integration requires time.
Active learning strategies reach all types of learners in the visual, auditory, read/write, kinesthetic, and tactile schemes. With active learning strategies, visual learners are targeted by the presence of models and demonstrations. Auditory learners are reached through discussion during peer instruction (15, 51) , debates (59), games (2, 38, 42, 46) , and answering questions. Manipulating models (7, 54, 62) and role playing (29) satisfy kinesthetic and tactile learners.
An example that clearly demonstrates that active processing of information and not just passive reception of that information leads to learning is shown in Table 1 . From this exercise, when did you recall more words: when you actively processed the information or when you passively received the information (5, 32)?
It is generally thought that students have better retention and understanding of knowledge when taught by active as opposed to passive methods (32, 34, 35, 37, 52) . If this is true, the curriculum must be changed to active methods that provide educational experiences designed to develop life-long learners and students who are capable of solving novel problems: in short, self-educators (67).
WHAT CURRICULAR CHANGES WORK?
Peer instruction WORKS! Lymna's Think-Pair-Share (31) and Mazur's Peer Instruction (33) are peer instruction activities that provide opportunities for students to be actively engaged in the reasoning and application of concepts. Think-pair-share occurs two to three times during a lecture when the instructor asks a question or poses a problem. Students spend a minute or two alone thinking about an answer or solution (think). Subsequently, students pair up (pair) to discuss their answers with each other (share). Mazur used a very similar approach. Two to three times during a lecture, students solve a physics problem, mark down their answer, and rate how confident they feel about the correctness of their answer. For the pair phase, Mazur allows students 1 min to convince their neighbor of their answer. After discussing the problem with classmates, students may revise the answer and again rate their confidence in their second answer. There was a dramatic increase in the confidence level and percentage of correct answers after students discussed the concepts (33) . Similarly, we recently reported that peer instruction increased medical student performance on quizzes (51) and increased meaningful learning (15) . Specifically, each class of 50 min was divided into three to four short When did you recall more words: when you actively processed the information or when you passively received the information (5, 32)?
presentations of 10 -15 min each. Each short presentation was followed by a one-question multiple-choice quiz on the subject discussed. Students were allowed 1 min to think and record their answers. Subsequently, students were allowed 1 min to discuss their answers with classmates. Students were then allowed to change their first answer if desired, and both answers were collected. Finally, the instructor and students discussed the answer. Results from these studies documented that pausing two to three times during a 50-min class to allow peer instruction of concepts enhanced the students' level of understanding and ability to synthesize and integrate material. Specifically, peer instruction enhanced the mastery of original material and meaningful learning.
Collaborative testing WORKS! Educators often view quizzes simply as a basis for grades. Too often, little emphasis is placed on using quizzes to help teachers teach and students learn. However, quizzes are not only a grading device but also a teaching technique (43) . For educators, the process of constructing quizzes helps in putting the course in perspective. Quizzes also provide feedback regarding what students have and have not learned. For students, quizzes provide an opportunity to demonstrate what they have learned and to discover the scope and depth of their knowledge. However, some of the pedagogical value of quizzes is lost due to a lack of immediate feedback. It would be educationally sound for students to discuss the individual questions immediately after completing the quiz.
The pedagogical value of quizzes is also reduced because students usually complete the quiz individually. In this setting, students work in isolation from classmates and are given individual achievement tests to assess their level of learning. Furthermore, "unassisted" student learning is pedagogically unsound, because all school learning is assisted and promoted by the instructional efforts of a wide variety of individuals within and outside the school (26) . Conversely, when students learn with others, they have the emotional and intellectual support that allows them to go beyond their present knowledge and skills and accomplish shared goals (61) . In the cooperative learning setting, students become more engaged in learning by discussing material, facilitating understanding and encouraging hard work. In addition, cooperative learning has positive effects on race relations, self-esteem, and a willingness to cooperate in other settings (63) .
Collaborative testing is an effective cooperative learning teaching strategy (16, 50) . To conduct a collaborative testing experience, students first complete a quiz individually. Once the quiz is completed individually, students complete the same quiz in groups. Specifically, students complete the quiz individually for the first 50 min. Immediately after completing the quiz individually, students are assigned to a group of two or three and work as a team to answer the original questions; 80% of the final quiz score is based on individual results, and 20% of the final quiz score is based on group results. This collaborative group testing has been shown to increase student learning (50) as well as student retention of previously learned material (16) .
Educational models WORK! Construction of models of biological processes (7, 54) is an outstanding strategy to enhance active and collaborative efforts as well as improve critical thinking skills (41) . Model construction encourages logic, reasoning, and creativity, all of which are components of the scientific process and are at the heart of problem-based learning (6) . Evidence suggests that with the use of activitybased science programs, teachers can expect substantially improved performances in science processes (6) . The role of the instructor is crucial for the success of students during the construction of the model. It is important to note that construction alone does not guarantee learning. The important part is not that students manipulate things physically but that they do so for a purpose and engage in discussion about it (66) . Therefore, it is important for the instructor to specify the objectives for the lesson, assign the groups, explain the task and goal, and assess the effectiveness of the learning groups and the individual student's achievement. The instructor must model appropriate social skills, including listening and providing constructive feedback or eliciting more in-depth responses through probing questions. The instructor must also reinforce these positive behaviors by publicly commenting on the ways students use them effectively.
Educational games WORK! An area of neglect in science education is our role and responsibility to inspire students, to create a joy, an excitement, and a love for learning and to make learning fun. This is important because students must become life-time learners. The use of innovative educational games in the classroom can increase enthusiasm and reinforce previously presented didactic information (2, 13, 25, 42, 46) . It is also a positive, interactive, alternative method of teaching and information sharing. In addition, team learning and active peer-to-peer instruction are strongly reinforced by educational games.
By developing and playing educational games, teachers and students add variety and alternatives to the traditional lecture format. Games increase student involvement, motivation, and interest in the material and allow the instructor to be creative and original when presenting topics (8, 9, 11, 47) . Games also challenge students to apply the information, thus allowing them to evaluate their critical thinking skills (20) . Finally, games create a challenging, constructively competitive atmosphere that facilitates interaction among students in a friendly and fun environment. Card games (46) , crossword puzzles (2), and games based loosely on television game shows (25, 42, 55) have been used with remarkable success.
Experimental-based learning WORKS! The concepts and functional significance of many biological processes are often difficult for students to grasp. To help students understand these concepts, simple classroom experiments are often utilized, because, as stated by Albert Einstein, "A pretty experiment is in itself often more valuable than twenty formulae extracted from our minds."
Simple classroom experiments have been used to help students experience the force of ambient pressure and observe the concept of pressure gradients (12) , for understanding of pulmonary function testing (56) and compliance (19) , and for a variety of other biological processes (57) .
Replicating classic experiments during the class is another valuable way to help students appreciate complex concepts as well as demonstrate how we learn. For example, in 1929, Von Neergaard (68) performed some simple but ingenious experiments on lungs obtained from cats. The isolated cat lung was nearly maximally inflated with air, and relaxation or recoil pressure was then recorded as measured volumes of air were sequentially removed from the lung. After a relaxation curve How We Learn 20 SPARE ME THE LECTURE! for the air-filled lung was constructed, the lung was degassed and reinflated to near-maximum volume with a physiological saline solution. A second relaxation curve was constructed as measured volumes of saline solution were sequentially withdrawn. The results indicated that the recoil pressure at a particular lung volume (125 ml) was nearly twice as large in the air-inflated lungs as in the fluid-inflated lung. This simple experiment illustrated the importance of the air-liquid interface and its tendency to retract or recoil. Importantly, this classic, simple, and ingenious experiment can be replicated by substituting balloons for lungs. Similarly, to help students understand pulmonary compliance characteristics and relaxation curves for the chest cage, lung, and combined lung-chest cage, we (19) have previously demonstrated how the curves are generated by substituting a balloon for the lungs and a tennis ball for the chest cage. From these experiences using demonstrations and simple experiments to help the students learn, we are convinced that most effective means to promote problem solving, critical thinking, and cooperative learning is through active participation in laboratory experimentation and analysis (53) . However, experimentation is often neglected in many curricula because of the scarcity of suitable laboratory equipment, space, and experiments. The use of laboratory animals for experimentation is another obstacle, because many schools do not have sufficient funding or facilities to care for live animals. In addition, some teachers may lack the experience of handling laboratory animals. To address these concerns, "virtual" experiments can be used. For example, virtual experiments have been designed to help students understand the theory and application of the electrocardiogram (1) and gastrointestinal (2), endocrine (46) , and cardiovascular physiology (13) . Virtual experiments expose students to experimental design and procedures; however, the data are provided so that the results can be analyzed and discussed despite the lack of equipment (47) . Furthermore, students gain information by analyzing and interpreting data, answering questions, and plotting graphs. The goal of virtual experiments is to instill an appreciation for experimental design, data collection, and analysis and to encourage students to continue their pursuit of science by presenting the material in an exciting, challenging, and inexpensive manner.
Advances in Physiology Education
In conclusion, the curriculum is packed and leaves little time for students to acquire a deep understanding of the subject or to develop life-long skills such as critical thinking, problem solving, and communication. Contributing to the problem is the mistaken notion that instructors must "cover the content" or their students will be unprepared for the future and they will have failed as teachers. In addition, teachers worry about "losing" or "wasting" valuable lecture time for in-class discussion, collaborative problem solving, and inquiry-based activities. However, these activities focus student learning on how to use scientific knowledge to solve important questions. Therefore, we should unpack the curriculum and help students become active, independent learners and problem solvers. Collaborative learning activities, interactive models, educational games, and establishing a culture of inquiry/scholarship are critical for achieving these goals.
